INTRODUCTION
It has been reported that Streptococcus faecalis ATCC8043 has an absolute requirement for lysine (Dunn, Shankman, Camien & Block, 1947) . The growth of this organism is inhibited by hydroxylysine despite the fact that it can utilize this lysine analogue for both protein and cell-wall synthesis in the presence of a sub-optimal concentration of lysine (Smith & Henderson, 1964) . In view of these characteristics the strain has been given the designation Lys-OHLyss. The designation Lys-or Lys+ is given to strains which are lysine-dependent or lysine-independent, respectively. Hydroxylysine-sensitivity and resistance are designated as OHLyss or OHLysr, respectively.
It was observed that a heavy inoculum of Lys-OHLyss added to either lysinefree medium or lysine-free medium containing hydroxylysine (3 to 4 ,ug./ml.) gave observable growth in each case after specified incubation periods (Smith & Henderson, I 964 ). Examination of cultures obtained under these conditions of growth revealed that they differed from each other and from the parent Lys-OHLyss strain with respect to their response to lysine and hydroxylysine. This communication describes the nature of these two variants which arose so readily from Streptococcus faecalis (Henderson & Snell, 1948) which contained various amounts of L-lysine and/or the mixture of hydroxy-D,L-lysine and allohydroxy-D,L-lysine. Growth was measured at intervals by determining the extinction at 660mp with a Coleman Junior spectrophotometer.
The total viable count was determined by making the appropriate dilutions of the culture, shaking the diluted culture, with glass beads at each stage of dilution, and plating a sample, in triplicate, on 2 % agar plates prepared from standard-growth medium supplemented with lysine (100 pg./ml.). The plates were incubated at 37" for 24 hr. Total lysine-independent counts were made in a similar manner except that lysine-free medium was used. Numbers of lysine-dependent cocci represented the difference between the total viable count and the lysine-independent count.
Fermentation tests were conducted in standard growth medium in which glucose was replaced by the carbohydrate under test at an equimolar concentration (0.11 M).
Standard growth medium either with 6.5 % NaCl or at pH 9.6 was sterilized by filtration for tolerance tests.
RESULTS
The isolations of the two mutant strains originally found by Smith & Henderson (1964) have been repeated under controlled conditions with a purified culture of the Lys-OHLyss strain with the same results as previously obtained. The parent strain and the two mutants have been compared with respect to their performance in certain fermentation and tolerance tests. The results are presented in Table I . The three strains fermented the same carbohydrates although not all carbohydrates to which Strepto- (Umbarger & Davis, 1962 ) these four amino acids share certain common steps in their synthesis, i.e. the conversion of aspartic acid to aspartic semialdehyde (Black & Wright, 1955) . Because of this relationship, also found in other bacteria, it was of interest to determine whether lysine-independence was accompanied by threonine-and methionineindependence. The two mutant strains and the parent strain were grown in media containing various amounts of threonine or methionine. Both mutants had an absolute requirement for these amino acids. Thus lysine-independence is specific and does not result in the concomitant relief of threonine and methionine requirements.
The autolytic behaviour of the Lys-OHLys8 strain has been previously demonstrated (Smith, Newman, Leach& Henderson, 1962) in various media. This strain is susceptible to lysine-depletion lysis as is Streptococcus faecalis 9790 (Shockman et al. 1961 ). The two mutant strains, Lys+OHLys* and Lys+OHLysr, are not subject to lysine depletion lysis (Smith & Henderson, 1964) because of their lysine biosynthetic capability; however, experiments conducted as previously described (Smith et al. I 962) indicated that the mutant strains did have lytic enzymes. Like the parent strain (Smithetal. 1962), the rate of lysis of the mutant strains was dependent on the suspending medium.
The rate of mutation to lysine-independence was determined by the fluctuation test (Luria & Delbruck, 1943) . From the data presented in Table 2 it was calculated that The mutation to lysine independence in Streptococcus faecalis was observed to occur with regularity after 90 hr under conditions where normal amounts of inoculum (103 washed cocci) were added to a medium which by independent assay with Leuconostoc mesenteroides was shown to be very low in lysine. Sub-culturing the growth revealed the presence of lysine-independent cells. In similar experiments, Lys+OHLysr cells appeared when Lys-OHLyss cells were grown in a lysine-free medium containing hydroxylysine 3 ,ug./ml. The 'leakiness' of the lysine synthetic pathway in the parent strain was established by two studies in which the growth rates were measured by making viable counts throughout the growth period. In the first experiment (Fig. I ) an inoculum of approximately 104 cocci from a log. phase culture of the LysOHLyss strain were added to 10 ml. of lysine-free medium or to 10 ml. of lysinesuppiementea meaium. I ne viatxe count was aetermnea on iysine-suppiementea agar medium. In the lysine-free medium the population did not change appreciably for about 4 hr, then logarithmic growth ensued at such a rate as to indicate a generation time of 37 min. In the lysine-supplemented medium growth was not delayed and the Lysine-independent strains of streptococci 243 generation time was 29-5 min. The maximum viable population was 109 cocci/ml. with lysine, but without lysine the maximum was 108 cocci/ml., and following a short stationary phase the viable population decreased. At 54 hr, however, Lys+ OHLys cells were detected in the lysine-free medium when the viable population had reached 109 cocci/ml., suggesting that some time during the later phases of logarithmic growth mutants had appeared.
In another experiment viable Lys+ cocci were also counted, beginning in the later stage of exponential growth and continuing for an additional 40 hr. This experiment, summarized in Fig. 2, showed that while viable Lys-OHLyse cells were disappearing the Lys+OHLyss strain was growing and that the latter strain emerged as the dominant population. The appearance of mutant cells in large numbers occurred when the population of Lys-cells was declining rapidly approximately 40 hr after inoculation. As in the previous experiment the mutant population continued to increase until it reached a maximum population of approximately I o9 cocci/ml.
DISCUSSION
The parent and mutant strains have been compared and have been found to respond in the same way to all tests employed except for those previously described which involve the responses to lysine and hydroxylysine (Smith & Henderson, 1964) . The present work has demonstrated that the characteristic of total lysine-independence resulted from a mutational event. Hydroxylysine-resistance has also been demonstrated to result from a mutational event involving the lysine-transport system (J. D. Friede, D. P. Gilboe and L. M. Henderson, to be published).
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The Lys-OHLys8 strain has limited lysine biosynthetic capacity. In these experiments precautions were taken to assure that the medium was lysine-free and, in addition, a small inoculum was used. In the use of such an inoculum it was assumed that the growth rate for both parent and mutant was the same in lysine-supplemented medium and when a mutation occurred the lysine-dependent strain remained the dominant population as growth proceeded. In support of this assumption it was found that in an early stationary phase culture of Lys-OHLyss cells in lysine-supplemented medium there were from250 to 120 Lys+OHLys8 cocci/ml. in a total population of 4.3 x loO cocci/ml. The use of a small inoculum, therefore, limited the possibility of a lysineindependent cell being present. This observation and the stability of the lysine-dependence trait of the parent organism which has been carried on lysine-containing medium suggests that the Lys-strain has a selective advantage over the Lys+ strain under these culture conditions. Zamenhof & Eichhorn (1967) have presented evidence that mutants of Bacillus subtilis which have lost a biosynthetic function have a selective advantage over the parent strain. This observation provides an adequate explanation for the relative stability of the Lys-OHLyss strain which has been carried in many laboratories over a period of years.
Despite the limited lysine biosynthetic capability of the Lys-OHLys8 strain certain pathway enzymes, aspartokinase, dihydrodipicolinic acid synthetase and diaminopimelic acid decarboxylase, found in mutant strains, could not be detected in cell-free extracts of the parent strain (Gilboe, Friede & Henderson, 1968) . Whether the lysineindependence of the mutant results from the relief of a pathway block or the derepression of part or all of the pathway has not been determined.
During the course of the growth of the Lys-OHLys8 strain in lysine-free medium a mutational event occurs resulting in lysine-independence. In earlier work (Dunn et al. Smith, 1963) growth of the parent strain in a rich lysine-free medium could not be detected nor was the outgrowth of the Lys+OHLys8 strain observed. The results of the 'fluctuation test' suggest that the lysine-free medium used in this work permitted limited growth of the Lys-OHLys8 strain and favoured the selection of the mutant strain which appeared.
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In Fig. I and again in Fig. 2 it can be seen that in lysine-free medium the LysOHLys8 strain grew to a maximum viable population of only 108 cocci/ml. and, following a short stationary phase, the viable population decreased. It is postulated that the failure of Lys-OHLys8 cells to grow to a population of loO cocci/ml. as it did in lysine-supplemented medium resulted from an imbalance between the rate of production of lysine, which is essential for protein and cell-wall synthesis, and lysis of the culture. If cell-wall subunit production were limited by lysine and the lytic system functions in the incorporation of subunits into the cell-wall mucopeptide (Shockman et al. 1961) , then when no subunits are present lysis of the cell may ensue. It should be pointed out that when the population reached IO* cocci/ml. the pH value of the medium was found to have dropped to pH 6.0, the optimum for the lytic enzymes (unpublished observations).
The sequence of mutational events which convert the Lys-OHLyss strain to the Lys+OHLys8 strain is not known. It has been shown, however, that Lys+OHLysr cells can be isolated from cultures of the Lys+OHLyss strain. Mutation to hydroxylysine resistance followed by mutation to lysine independence has not been excluded. but there is no obvious basis for selecting a Lys-OHLysr strain. 
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